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SUMMARY 

The purpose of the  present   s tudy w a s  t o   de t e rmine   i f  advanced s u p e r c r i t i c a l  
wings incur  higher t r i m  drag  values a t  cruise   condi t ions  than  current  wide-body tech- 
nology  wings. S igni f icant ly   h igher  trim drag would lessen  the  performance  benefits 
t o  be  gained from the  aerodynamically  advanced  supercritical  wings.  Relative trim 
drag  increments were measured in  an  experimental  wind-tunnel  investigation  conducted 
i n   t h e  Langley  8-Foot  Transonic  Pressure Tunnel. The tests u t i l i z e d  a high-aspect- 
r a t i o   s u p e r c r i t i c a l  wing and a cur ren t  wide-body wing, i n   con junc t ion   w i th   f i ve   d i f -  
f e r en t   ho r i zon ta l  t a i l  configurat ions,  mounted on a representa t ive  wide-body fuse- 
lage. The three  low-tai l  and t w o  T-tail configurat ions were chosen t o  measure t h e  
e f f ec t s   o f   ho r i zon ta l  t a i l  s ize ,   loca t ion ,  and camber  on the  trim drag  increments  for 
the two wings.  Longitudinal  force  and moment d a t a   ( f o r  a range  of  center-of-gravity 
(c.g.)  positions)  and  flow-field measurements are presented a t  a Mach number of  0.82 
and  design  cruise l i f t   c o e f f i c i e n t s   f o r   t h e  wide-body and s u p e r c r i t i c a l  wings  of 0.45 
and 0.55, respect ively.  The data ind ica t e   t ha t   t he   supe rc r i t i ca l  wing configurat ions 
do not   have  s ignif icant ly   higher  trim drag  than  the wide-body  wing configurat ions,  
when each  configuration i s  compared a t  the c.g. pos i t ion  which r e s u l t s   i n  minimum 
trim drag,  regardless of s t a t i c  margin. The wide-body  wing  had lowest t r i m  drag 
increments  for t a i l  uploads,   and  the  supercr i t ical  wing  had lowest  increments  with 
s l i g h t  t a i l  downloads. A reduct ion   in   bo th  t a i l  s i z e  and s t a t i c  s t a b i l i t y  produced 
trim drag  reduct ions  for   both wings. The cambered t a i l s  had higher  trim drag  incre- 
ments than  the symmetrical ta i ls  for   both wings,  and the  low-tail   configurations  had 
higher  trim drag  increments  than  the T-tail configurations.  The inc rease   i n   pe r fo r -  
mance ( l i f t - d r a g  ra t io)  f o r   t h e   s u p e r c r i t i c a l  wing over  the wide-body  wing w a s  
approximately 1 1  percent   for   bo th   the  optimum low-tail  and T-tai l  configurations.  

INTRODUCTION 

The advent of fue l   sho r t ages  and  higher  fuel  prices  has had a tremendous  impact 
on the   av ia t ion   indus t ry .   Ai rcraf t   des igned   in   the  1 9 5 0 ' s  and 1 9 6 0 ' s ,  when f u e l  w a s  
re la t ively  inexpensive,  are not  as prof i tab le   today  when flown a t  the  speeds f o r  
which they were designed.  Consequently, a i r c r a f t  and  engine  manufacturers  have  been 
challenged t o  bui ld  more f u e l   e f f i c i e n t   a i r c r a f t .  Within  the  National  Aeronautics 
and Space Administration's  Aircraft  Energy Efficiency (ACEE) Program, research is  
being  conducted i n   t h e  areas of  advanced  aerodynamics,  laminar  flow,  composite  struc- 
tu res ,   and   ac t ive   cont ro l   sys tems  in   o rder  to  develop  the  technology which w i l l  
des ign   the   next   genera t ion   of   t ranspor t   a i rc raf t .  The overa l l   goa l   o f   the  ACEE Pro-  
gram is  t o  reduce   the   d rag   of   t ranspor t   a i rc raf t  by 50 percent.  

The development  of  advanced s u p e r c r i t i c a l  a i r fo i l s  by NASA ( r e f .  1 )  has  led t o  
e n e r g y   e f f i c i e n t   t r a n s p o r t   a i r c r a f t  wings (refs. 2 and 3)  which  have h igher   l i f t -drag  
ratios, t h i c k e r   a i r f o i l   s e c t i o n s ,  less sweep, and  higher aspect r a t io s   t han  wings f o r  
cur ren t  wide-body a i r c r a f t .  Another cha rac t e r i s t i c   o f   t hese  advanced  wings is an  
increased nose-down p i tch ing  moment caused by camber i n   t h e   a f t   p o r t i o n  of  the 
s u p e r c r i t i c a l   a i r f o i l s .  The increased  pi tching moment is  of  concern i f   t h e   d r a g  
penal ty   requi red   for  t r i m  s ignif icant ly   reduces  the  performance  benefi ts   of   the  
advanced  wings. 



Because  of  inherent s ta t ic  stabil i ty  requirements,   the  aerodynamic  center (a.c.1 
of most cu r ren t   subson ic   t r anspor t   a i r c ra f t  is located a f t  of the center   of   gravi ty  
(c.9.). !his arrangement  necessitates a download on the   hor izonta l  t a i l  f o r  trim, 
which i n   t u r n   f o r c e s   t h e  wing t o  produce more l i f t .  The induced  drag of the  t a i l  and 
the  extra   induced  drag of the  wing cons t i t u t e  a major par t  of  the trim drag,  and i f  
t h e   a i r c r a f t  is  f lying  near  i ts  drag-divergence Mach number, the  trim drag  penal ty  
can be large.  Advances i n   t h e  area of act ive  control   technology w i l l  allow the  next  
generation of j e t  t r a n s p o r t   a i r c r a f t   t o   f l y   w i t h   r e l a x e d  s t a t i c  s t a b i l i t y .  It w i l l  
then be p o s s i b l e   t o  have a smaller, l i gh te r   ho r i zon ta l  t a i l  o r  a c.g. f u r t h e r   a f t .  
Either or   both would r e s u l t   i n  smaller trim drag   pena l t i e s   ( r e f s .  4 t o  6 ) .  

- 
, r  

/' - 

The objec t ive  of the  present   experimental   invest igat ion was t o  assess the  trim 
drag of a h igh-aspec t - ra t io   supercr i t ica l  wing conf igu ra t ion   r e l a t ive  t o  the trim 
drag  of a cu r ren t  wide-body t ranspor t   conf igura t ion   for  a range of  c.g. posi t ions.  
In   o rde r   t o  have a d i r e c t  comparison  of the two wings,  each wing was t e s t ed  on a 
fuselage which c lose ly   s imula ted   the   f ineness   ra t ios   o f   cur ren t  wide-body a i r c r a f t  
( f i g .  1 ) .  Each wing w a s  t e s t ed   i n   con junc t ion   w i th   f i ve   d i f f e ren t   ho r i zon ta l  tai ls ,  
and  the trim drag  €or  each  configuration was determined a t  a cruise Mach number of 
0.82. The three  low-tai l  and two T- ta i l  configurat ions were designed  to  measure the  
e f f e c t s  of hor izonta l  t a i l  locat ion,   s ize ,   and camber on the  trim drag   for   the  two 
wings. 

I n   a d d i t i o n   t o   t h e   f o r c e  and moment data   for   these  configurat ions,   local   f low 
angles and Mach numbers i n   t h e   v i c i n i t y  of the t a i l s  were measured with a yawhead 
rake. ?he local ized  f low  f ie lds   near   the t a i l s  provide  important  information on the  
in t e rac t ion  of t h e   d i f f e r e n t  wings  and t a i l s  of t h i s   i nves t iga t ion .  

SYMBOLS 

The longi tudina l   aerodynamic   charac te r i s t ics   p resented   in   th i s   paper  a re  
r e fe r r ed  t o  t h e   s t a b i l i t y   a x i s  system.  Force  and moment da t a  have  been  reduced to 
convent ional   coeff ic ient  form based on the  trapezoidal  planform  geometry of the wing 
used  for   each  configurat ion.  The moment-reference cen te r   fo r   t he  wide-body wing is  
0.35C, and the moment-reference cen te r   fo r   t he   supe rc r i t i ca l  wing is  0.33c. A l l  
dimensional  values are given i n  both  the  Internat ional  System of Units  (SI) and U.S. 
Customary Units. A l l  measurements  and ca lcu la t ions  were made i n  U.S. Customary 
Units . 
A aspec t   r a t io ,  b2/S 

a speed of  sound, m/sec ( f  t/sec 1 

b wing span, 116.1 2 c m  (45.72 i n . )   f o r  wide-body wing and 134.54 c m  
(52.97 i n . )   f o r   s u p e r c r i t i c a l  wing 

cD d rag   coef f ic ien t ,  - Drag 

qODs 

l i f t   c o e f f i c i e n t ,  - L i f t  

pitching-moment coe f f i c i en t ,  

cL qaDs 

'm 
Pi tching moment - 

,S" 

CT 
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C local streamwise chord, cm ( in .  ) 

C wing mean aerodynamic  chord, 18.22 c m  (7.175 i n . )   f o r  wide-body wing 
- 

and  14.58 cm (5.742  in. ) f o r   s u p e r c r i t i c a l  wing 

H1,**-,Hg  horizontal  t a i l s  1 through 5 

iH4 ,.. . ,i Incidence of h o r i z o n t a l   t a i l s  1 through  5,  measured  from  fuselage 
H5 water l ine ,   pos i t ive   wi th  tail t r a i l i n g  edge down, deg 

l i f  t-drag ratio 

t a i l  arm, d is tance  from c. g. to  a.c. of tail, cm ( i n .  ) 

Mach number 

local static pressure,  Pa (lb/f  t2) 

to ta l   p re s su re ,  Pa ( l b / f t 2 )  

pressure  measured a t  yawhead tube 1 and 2 ,  respect ively,  Pa ( lb/f  t2) 

dynamic pressure,  Pa ( lb/f  t2) 

universal   gas  constant 

resu l tan t   ve loc i ty   vec tor  (see f ig .   36)  

Reynolds number 

reference  area,  0.193 m2 (2.075 f t 2 )   f o r  wide-body wing  and  0.185 m 2 

( 1.988 f t ) f o r   s u p e r c r i t i c a l  wing 2 

absolute  temperature, OR 

l oca l  maximum wing o r  t a i l  thickness, cm ( i n .  ) 

f ree-stream veloc i ty   in   x -d i rec t ion ,  m/sec ( f  t/sec) 

ve loc i ty   pe r tu rba t ion   i n  x-, y- , and  z-direction,  respectively,  m/sec 
( f t /sec)  

three-dimensional  velocity  vector 

v e r t i c a l  tails 1 and 2 

streamwise dis tance,  c m  ( i n .  1 

spanwise  distance,  measured  normal to model plane of symmetry, c m  ( in .  1 

ver t i ca l   d i s t ance ,  measured  normal t o  x, cm ( i n .  

angle of a t tack ,   re fe r red   to   fuse lage   water l ine ,  deg 

dihedral  of  wing or t a i l ,  deg 
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r a t i o  of spec i f i c   hea t  a t  cons t an t   p re s su re   t o   spec i f i c   hea t   a t   cons t an t  
volume 

incremental  value 

trim drag  increment, 

(CD)wing-body-vert.  and  horiz. t a i l  (CD)wing-body-vert. t a i l  
- 

downwash angle,  deg 

local s t reamwise  wing  sect ion  incidence  angle ,   referred  to   fuselage 
water l ine,   posi t ive  for   leading  edge  up,   deg 

angles  between vectors  of flow f i e l d  (see f i g .  361, deg 

sweep angle of  wing o r  t a i l ,  deq 

t a p e r   r a t i o  of  wing or ta i l   t rapezoida l   p lanform 

Subscripts:  

avg  average  value of in te rpola ted  a values  (used  to c a l c u l a t e  A&/Aa i n  
f iqs.  28  and 29)  

R lower surface of a i r f o i l  

T horizontal  or v e r t i c a l   t a i l  

t to t a l   cond i t ions  ( i .e.  , condi t ions   tha t  would e x i s t   i f   t h e   g a s  were brought 
to  rest i s en t rop ica l ly )  

U upper  surface of a i r f o i l  

W wing 

m f ree-stream  conditions 

Abbreviations: 

a.c.  aerodynamic  center 

c.g. ,C.G. center  of gravi ty  

F.S. fuse lage   s ta t ion  

MAC mean aerodynamic  chord 

SCW s u p e r c r i t i c a l  wing 
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EXPERIMENTAL  APPARATUS AND PROCEDURES 

Test F a c i l i t y  

This   inves t iga t ion  w a s  conducted i n   t h e  Langley  8-Foot  Transonic  Pressure  Tunnel 
( r e f .   7 ) .   T h i s   f a c i l i t y  i s  a continuous-flow  single-return  rectangular  slotted- 
throat  tunnel.   Tunnel  controls allow independent  variation of Mach number, densi ty ,  
stagnation  temperature,  and dew point .  The test  sect ion i s  approximately 2.2 m 
(7.1 f t )  square (same cross-sect ional   area as t h a t  of a circle with a 2.4-m (8- f t )  
diameter). The upper  and lower walls are s lo t t ed   ax ia l ly ,  to  permit   the   tes t -sect ion 
Mach number t o  be  changed  continuously  throughout  the  transonic  speed  range. The 
slotted  top  and  bottom w a l l s  each  have  an  average  open ratio of approximately 0.06. 
The s tagnat ion   pressure   in   the   tunnel   can   be   var ied  from a minimum of 0.25 atmosphere 
(1  atmosphere = 0.101 MN/m 1 a t  a l l  Mach numbers t o  a maximum of  approximately 
2.00 atmospheres a t  Mach numbers less than 0.40. A t  t ransonic  Mach numbers, the 
maximum stagnation  pressure  that   can  be  obtained is  about 1.5 atmospheres. 
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Model D e  s c r i p   t i o n  

Drawings of the model a r e  shown i n   f i g u r e s  1 ,  2, and 3. Photographs of the  
model i n   t h e  Langley  8-Foot  Transonic  Pressure  Tunnel  are Shawn i n   f i g u r e s  4 and 5. 

Fuselage.- The fuselage  described  in  reference 2 was used f o r   t h i s   i n v e s t i g a -  
t ion.  The fuselage i s  125.88 cm (49.56  in.)  long  and  has a maximum diameter of 
14.58 cm (5.74 i n . ) .  For  both  wings,  the wing  lower surface was f a i r e d   i n t o   t h e  
fuselage  to   provide a r e l a t i v e l y   f l a t  bottom  which  extended  from  near  the  leading 
edge t o  approximately 15.24 c m  (6  .O i n .  ) a f t  of t h e   t r a i l i n g  edge. 

Wings.- Planform d e t a i l s   f o r   t h e  wide-body wing a r e  shown i n   f i g u r e  1. The wing 
has 35O sweep a t  the  quarter-chord, 7.5O dihedral  inboard and 5.5O dihedral  outboard, 
an   a spec t   r a t io  of 6.99,  and a trapezoidal  planform  area of  0.193 m2 (2.075 f t 2 ) .  
T w i s t  and th ickness   d i s t r ibu t ions   a re   p resented   in   f igures  6 and  7,  respectively. 
This  wing was designed  for  a c ru i se  Mach number of 0.84  and a l i f t   c o e f f i c i e n t  of 
0.45. 

P lanform  de ta i l s   for   the   supercr i t ica l  wing a r e  shown i n   f i g u r e  1.  The wing  has 
30° sweep a t   the   quar te r -chord ,  5O dihedral ,   an  aspect   ra t io  of  9.80,  and a trapezoi- 
dal  planform  area of  0.185 m2 (1.988 f t 2 ) .  Twist and  thickness   dis t r ibut ions are 
p resen ted   i n   f i gu res  6 and  7,  respectively. The a i r f o i l   s e c t i o n s   u s e d   i n   t h i s  wing 
were designed  for a two-dimensional l i f t   c o e f f i c i e n t  of  0.7. The three-dimensional 
e f f e c t s  of sweep, f i n i t e  span,  inboard  modifications  (ref. 21, and fuse lage   in te r fe r -  
ence  reduce  the l i f t  ob ta inab le   fo r   t h i s  wing t o  a design l i f t   c o e f f i c i e n t  of  0.55 a t  
a c ru ise  Mach number of  0.81. 

Tails.- The la tes t  technology NASA s u p e r c r i t i c a l   a i r f o i l s   ( r e f .   8 )  w e r e  used   for  
a l l  hor izonta l   and   ver t ica l  t a i l  surfaces.  Departing from the  previously  used 
method  of designing  a i r foi ls   ' (an  i terat ive  experimental   procedure)  , the  tail a i r f o i l s  
i n   t h i s   i n v e s t i g a t i o n  were designed  with  the  two-dimensional a i r f o i l  code  of refer-  
ence 9. The a i r f o i l s  developed  with  this code  follow  the  three  principal  guidelines 
of references 10 and  11.  These guidel ines   produce  a i r foi ls   wi th   reduced  s t rength 
shock  waves, little flow  separation,  and  reduced  drag. The a i r f o i l s  used   for   the  
horizontal  and v e r t i c a l  tai ls  are shown i n   f i g u r e  8. Planform d e t a i l s   f o r   t h e  t a i l s  
used i n   t h i s   i n v e s t i g a t i o n  are p resen ted   i n   t ab l e  1 and  coordinates   are   presented  in  
t ab le s  2 to  4. 
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The planform  shapes of t h e   v e r t i c a l   t a i l  and   t he   t h ree   ho r i zon ta l   t a i l s   fo r   t he  
low-tai l   configurat ion  are  shown i n   f i g u r e  2. The two smal le r   hor izonta l   t a i l s ,  
designated H1 and H3, u t i l ize   the  10-percent- thick cambered  and  symmetrical a i r -  
fo i l s ,   r e spec t ive ly .  The l a r g e r   h o r i z o n t a l   t a i l  H2 a l s o   u t i l i z e s   t h e  cambered 
a i r f o i l .  The v e r t i c a l   t a i l  V1 has  a  10-percent-thick  symmetrical  airfoil  section. 

The planform  shapes of t h e   v e r t i c a l   t a i l  and two hor i zon ta l   t a i l s   fo r   t he   T - t a i l  
conf igura t ion   a re  shown i n  f igure  3. Hor i zon ta l   t a i l s  H4 and H5 have  cambered 
and symmetrical  10-percent-thick  airfoil  sections,  respectively. The T - t a i l   v e r t i c a l  
t a i l  V2 has  a  12-percent-thick  symmetrical a i r f o i l   s e c t i o n .  

The t a i l s  were designed  to have approximately  the same t a i l  volume coe f f i c i en t s  
a s   f o r   c u r r e n t   a i r c r a f t .   T a i l  volume coe f f i c i en t  is  a  measure of the  contr ibut ion 
of t h e   t a i l   t o   t h e   o v e r a l l   s t a b i l i t y   l e v e l  of the  configurat ion and i s  def ined   as  

- RTST 

csw 
cT - 7 . ~n the  design  of  the  tai ls ,   the c. g. was s e t   a t  0.25;. This   point  

occurs a t  the same fuse lage   s ta t ion   for   bo th   wings .   Therefore ,   the   t a i l  arm RT was 
the  same for   both wings. I n  addition,  the wing  planform  area was nearly  the same f o r  
each  wing. The - t a i l  volume coef f ic ien ts   for   each  wing d i f f e r  because  the mean aero- 
dynamic  chord  c fo r   t he  wide-body configuration i s  larger   than  for   the  supercr i t i -  
c a l  wing configuration. The t a i l s  designed  for t h i s  inves t iga t ion  were not  optimized 
f o r   e i t h e r  wing, but  were representat ive of c u r r e n t   a i r c r a f t  and  allowed  comparisons 
of the t r i m  d rag   cha rac t e r i s t i c s  of the two wings t o  be made. 

The t a i l   a r e a   l i s t e d  i n  tab le  1 fo r   t he   ho r i zon ta l   t a i l s  is  the  t rapezoidal   area 
ex tended   t o   t he   fu se l age   cen te r   l i ne ,   bu t   fo r   t he   ve r t i ca l   t a i l s ,   t he   a r ea  shown i s  
exposed  area.  Neglecting tail d ihedra l ,   ho r i zon ta l   t a i l s  H1,  H3,  H4, and H5 
have the same geometry  and  planform. T a i l  H 2 ,  which i s  s l igh t ly   l a rger   than   the  
o the r   ho r i zon ta l   t a i l s ,  was designed t o  have the same exposed  area and t a i l  volume 
c o e f f i c i e n t   a s   “ t a i l s  H4 and H5. 

Both hor izonta l   t a i l   conf igura t ions  were designed w i t h  incidence  blocks  to  allow 
var ia t ion  of the  tai l-plane  incidence from - 4 O  t o  4 O  i n  0 . 5 O  increments. The t a i l s  
rotated  about  an  axis  through  the  quarter-chord of the mean aerodynamic  chord of each 
t a i l  and perpendicular   to   the   fuse lage   ax is .   F i l le r   p lugs   covered   the   t a i l   a t tach-  
ments for   the  ta i l -off   configurat ions.  

Boundary-Layer Trans i t i on   S t r ip s  

The t r ans i t i on   l oca t ion  of the  boundary  layer was f i x e d   f o r   a l l  model components 
w i t h  carborundum g r i t   s e t  i n  a p las t ic   adhes ive .  The t r a n s i t i o n   s t r i p s  were 0.127 cm 
(0.05 i n .  ) wide  and  were sized by the  techniques of reference 12 .  T rans i t i on   s t r ip  
pa t t e rns   fo r   t he  wide-body  and supe rc r i t i ca l  wings are   presented i n  f i gu res  9 and 10,  
respect ively.  The a f t   p o s i t i o n s  of the g r i t  on the  upper  surface of the  wings  were 
determined from analys is  of o i l  flaw  photographs  (ref.  13) of each  configuration  near 
its drag-rise Mach number and cru ise  l i f t  coe f f i c i en t .  The a f t   g r i t   l o c a t i o n s  on the 
wing  were  used to   s imulate  a   higher   effect ive Reynolds number by producing  a  thinner 
boundary l aye r   ( r e f .  1 4 ) .  Boundary-layer t r a n s i t i o n   s t r i p s  of N o .  120 carborundum 
g r i t  were l o c a t e d   0 . 3 ~  back  from the  leading  edges on the  upper and  lower surfaces  of 
a l l  the  horizontal  and v e r t i c a l   t a i l s .  I n  addi t ion,  a t r a n s i t i o n   s t r i p  of No. 120 
carborundum g r i t  was located 2.54 cm (1 . O O  i n .  ) from the nose of the  fuselage. 
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Measurements 

Aerodynamic force and moment data were obtained w i t h  a  six-component e l e c t r i -  
cal   strain-gage  balance.  The quoted  accuracy of the  balance i s  0.5 percent  of the 
full-scale  values  (normal  force,  2500 lb ;   ax ia l   force ,  200 lb ;   p i tch ing  moment, 
3500 in - lb ;   ro l l i ng  moment, 2000 in- lb;  yawing moment, 2000 in-lb;  and s ide  force,  
500 l b ) .  The r epea tab i l i t y  of the  data was generally  better  than  the  quoted accu- 
racy, however. Several   configurat ions were repeated a t   d i f f e ren t   t imes   du r ing   t he  
t e s t ,  and drag  coefficient  values  repeated  to  within 0.0002. Because of the  large 
number  of model configurat ions,   the  amount of data  required,  and  wind-tunnel  schedul- 
ing  problems,  four  separate  tunnel  entries w e r e  requi red   for  t h i s  inves t iga t ion .  An 
o f f s e t  i n  the  drag  values   for   the second entry was discovered  near  the  end of the 
t e s t ing .  Th i s  o f fse t   a f fec ts   on ly   the   da ta   for   the  wide-body  wing with  horizontal  
t a i l  H2. Although  the  absolute  values of the  drag  data  are i n  question,  the  incre- 
mental  values due t o   t a i l   i n c i d e n c e  changes a re   no t   a f fec ted .  

A n  accelerometer  attached  to  the  balance  block was used t o  measure  angle of 
a t t ack .   S t a t i c   p re s su res  were measured i n  the model a long  the  s t ing  cavi ty  by using 
different ia l -pressure  t ransducers   referenced  to   tunnel  plenum s t a t i c   p re s su re .  Two 
yawhead rakes were used t o  measure  the  cross-flow  and downwash components of the  flow 
f i e l d  i n  t he   v i c in i ty  of the   hor izonta l   t a i l s .   Deta i l s  of the  rake  and i t s  cal ibra-  
t ion  are   presented i n  the  appendix. 

Corrections 

The angle of a t tack  of the model was corrected  for  f low  angularity i n  the  tunnel 
t e s t   s e c t i o n .  T h i s  correct ion was obtained from upr ight  and inve r t ed   t e s t s  of the 
baseline  configurations.  Drag data  presented  herein  have  been  adjusted  to  correspond 
to   the  condi t ion of f ree-s t ream  s ta t ic   pressure  act ing i n  the  balance chamber and a t  
the  base of the  fuselage.  N o  correct ion to the  data  has  been made to   account   for  
l i f t   i n t e r f e r e n c e   e f f e c t s .  Also,  the  frontal  area of the model was su f f i c i en t ly  
small   to  avoid  having  to  correct Mach number for  wind-tunnel  blockage  effects 
( r e f .   15 ) .  

Test  Conditions 

Throughout  the  entire  test,  stagnation  temperature was maintained a t  322 K 
(12O0F) ,  and  the a i r  was d r i ed   un t i l   t he  dew poin t  was s u f f i c i e n t l y  law to   p revent  
condensation  effects.  Data  were taken a t  Mach numbers  of 0.60, 0.80,  0.82,  0.84, 
0.86,  and  0.90. Only the  data a t  MOD = 0.82 are   presented i n  t h i s  report   because 
the t r i m  drag a t   c r u i s e   c o n d i t i o n s  was  of primary  importance.  Data a t  M, = 0.82 
a r e   s l i g h t l y  beyond the  design Mach number fo r   t he   supe rc r i t i ca l  wing  and s l i g h t l y  
less  than  the  design Mach number for   the  wide-body  wing;  however, the  best   data  com- 
par ison i s  p o s s i b l e   a t   t h i s  Mach number s ince   ne i ther  wing i s  favored. The test 
conditions a t  MOD = 0.82  were Rn = 16.4 X lo6/,  (5.0 x 106/ f t )  and q, = 40 kPa 
(839  lb/f t2). 
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PRESENTATION OF RESULTS 

The r e s u l t s  of t h i s  invest igat ion  are   presented i n  the  following  f igures:  

Figure 
Variat ion of l i f t   c o e f f i c i e n t   w i t h   a n g l e  of a t t a c k   f o r  wide-body wing 

Variat ion of d r a g   c o e f f i c i e n t   w i t h   l i f t   c o e f f i c i e n t   f o r  wide-body wing 

Variat ion of pitching-moment  coefficient  with l i f t   c o e f f i c i e n t   f o r  wide- 

configurat ion  with H1, H2,  H3, H4, and H5 a t  M, = 0.82 ............. 11 

configuration  with H1, H2, H3,  H4, and H5 a t  M, = 0.82 ............. 12 

body.wing  configuration with-  H1, H2, H3, H4, and H5 a t  
M, = 0.82 with  c.g. = 0 . 3 5 ~  ............................................. 13 

wing configuration w i t h  H1, H2,  H3,  H4, and H5 a t  M, = 0.82 . . . . . . . . 14 

wing configurat ion w i t h  H1, Ha,  H3,  .H4, and H5 a t  Ma = 0.82 ........ 15 

s u p e r c r i t i c a l  wing configurat ion w i t h  H1,  H2, H3,  H4, and H5 a t  
Ma = 0.82 w i t h  c.g. = 0.33~ ............................................. 16 

Variat ion of drag   coef f ic ien t   wi th  c. g. p o s i t i o n   f o r  wide-body wing 
configuration w i t h  H1, H2,  H3, H4, and H5 a t  M, = 0.82 ............. 17 

Variat ion of   drag  coeff ic ient  w i t h  c. g. p o s i t i o n   f o r   s u p e r c r i t i c a l  
wing configuration  with H1, H2,  H3, H4, and H5 a t  M, = 0.82 ........ 18 

Variat ion of t r i m  drag  increment w i t h  c.  9. p o s i t i o n   f o r  wide-body 
wing c o n f i g u r a t i o n s   a t  M, = 0.82  and CL = 0.45 ......................... 19 

Variat ion of t r i m  drag  increment   with  c .g .   posi t ion  for   supercr i t ical  
wing c o n f i g u r a t i o n s   a t  M, = 0.82  and C = 0.55 ......................... 2 0  

Variat ion of l i f t - d r a g   r a t i o  w i t h  c. 9. posikion  for  both  wings a t  
t h e i r   c r u i s e   l i f t   c o e f f i c i e n t s   a t  Ma = 0.82 .............................. 21 

Yawhead rake   for   low- ta i l   conf igura t ions  .................................... 22 
Yawhead rake   de ta i l s  ........................................................ 23  
Typical yawhead rake   ins ta l la t ion   for   low- ta i l   conf igura t ions  ............... 24 
Typical yawhead r ake   i n s t a l l a t ion   fo r   T - t a i l   con f igu ra t ions  ................. 25 
Yawhead rake  data   posi t ions  for   low-tai l   configurat ions ..................... 26 
Yawhead rake  data   posi t ions  for   T-tai l   configurat ions ....................... 27 
Variat ion of  downwash angle and AdAa w i t h  angle of a t t ack   fo r  

Var ia t ion  of l i f t   c o e f f i c i e n t  w i t h  angle of a t t a c k   f o r   s u p e r c r i t i c a l  

Variat ion of d r a g   c o e f f i c i e n t   w i t h   l i f t   c o e f f i c i e n t   f o r   s u p e r c r i t i c a l  

Variat ion of pitching-moment  coefficient  with l i f t   c o e f f i c i e n t   f o r  

wide-body  wing c o n f i g u r a t i o n s   a t  M, = 0.82 f o r  - 
Low-tail  configurations ................................................... 28(a)  
T-tai l   configurat ions ..................................................... 28(b)  

s u p e r c r i t i c a l  wing c o n f i g u r a t i o n s   a t  M, = 0.82 f o r  - 
Low-tail  configurations ................................................... 29(a)  
T-tai l   configurat ions ..................................................... 29(b)  

body wing w i t h  low-tail   configuration ..................................... 30 

body wing with  T-tail   configuration ....................................... 31 

s u p e r c r i t i c a l  wing w i t h  low-tail   configuration ............................ 32  

s u p e r c r i t i c a l  wing with  T-tail   configuration .............................. 33  

Variat ion of  dawnwash angle  and A d A a  w i t h  angle of a t t ack   fo r  

Local Mach numbers and flow-field  velocity  vectors  behind  the wide- 

Local Mach numbers and flow-field  velocity  vectors  behind  the wide- 

Local Mach numbers and flow-field  velocity  vectors  behind  the 

Local Mach numbers and flow-field  velocity  vectors  behind the  
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RESULTS AND DISCUSSION 

The longi tudinal   data  were i n i t i a l l y  reduced to  coe f f i c i en t  form by using  the 
quarter-chord  of  the mean aerodynamic  chord (c/4) as the  c. g. location.  Analyis of 
the   da ta  showed tha t   the   longi tudina l   s tab i l i ty   parameter  Em/EL w a s  too  large;  
t h i s   r e s u l t e d   i n   u n r e a l i s t i c a l l y   s t a b l e  cruise conf igura t ions   for   bo th   the  wide-body 
and supe rc r i t i ca l  wings. Due t o  a longer t a i l  a r m ,  the  T-tail  configurat ions had 
even  greater s ta t ic  margins  than  the low-tail configurations.  Normally, wide-body 
a i r c r a f t  a t  cruise condi t ions   f ly   wi th  a s ta t ic  margin  of  approximately 7 t o  8 per- 
cent. The uncambered low-tail H3 w a s  considered  to  be closest to   the   hor izonta l  
ta i ls  on ac tua l  wide-body a i r c ra f t ;   t he re fo re ,   t he  c. g. f o r   t h e  wide-body configura- 
t i o n s  w a s  moved a f t   t o   p r o v i d e  a s t a t i c  margin of approximately 7 p e r c e n t   f o r   t a i l  
H3 a t  cruise conditions.  The c.g. fo r   t he   supe rc r i t i ca l  wing configurat ions was 
a l s o  moved back t o  provide a similar s t a t i c  margin f o r   t h e  H3 t a i l  at-cruise condi- 
t ions.  The c.g. f o r  a l l  the wide-body configurat ions w a s  f i x e d   a t   0 . 3 5 ~  and f o r  a l l  
t h e   s u p e r c r i t i c a l  wing configurat ions w a s  f i x e d   a t   0 . 3 3 ~ .  The longitudinal  aerodyna- 
m i c  da t a   p re sen ted   i n   f i gu res  11 t o  16 have  been  reduced  using  these two c.g. ' s .  

- 

Force  and Moment Data 

Several   important   t rends  are   evident  from the  aerodynamic  force  and moment data. 

CL v s  a .- From the   var ia t ion  of l i f t   c o e f f i c i e n t   w i t h   a n g l e  of a t t ack  
( f i g s .  11 and  141, it can  be  seen  that  a t  law l i f t   c o e f f i c i e n t s  a l l  the   hor izonta l  
t a i l s   a r e   p roduc ing  downloads f o r   t h e   t a i l   i n c i d e n c e s   t e s t e d .  The t a i l  download 
causes a n e t  loss of l i f t  when compared with  the  wing-body-vertical t a i l  configura- 
t i ons  a t  the same angle of a t tack .  A t  some higher  angle, however, the wide-body 
configurations  experience  an  upload on t h e   t a i l .  The p o i n t   a t  which the  configura- 
t ion  with a hor izonta l   t a i l   p roduces  more to ta l  l i f t  than  for  the  wing-body-vertical 
t a i l  configuration  depends on the   ho r i zon ta l   t a i l   i nc idence   and   a i r fo i l   s ec t ion .  The 
supe rc r i t i ca l  wing has a h i g h e r   s t a l l   a n g l e  of attack  than  the wide-body wing,  and i n  
only a few instances a t  very  high l i f t   c o e f f i c i e n t s  do the  horizontal  tai ls  on super- 
c r i t i c a l  wing configurations  experience  an  upload. 

CD vs  CL .- The e f f e c t  of a t a i l  upload on performance  can  be  seen  from  the 
va r i a t ion  of d r a g   c o e f f i c i e n t   w i t h   l i f t   c o e f f f i c i e n t   ( f i g s .  12 and  15). With an 
upload on t h e   t a i l ,   t h e  wing  can  be a t  a lower  angle of a t tack   to   ach ieve   the  same 
to t a l  l i f t .  Lowering  the  angle of a t tack  of the wing  reduces  the  drag  for  the con- 
f igura t ion .  The wide-body wing data  show t h i s  tendency for   the   conf igura t ions   wi th  
t a i l  uploads a t  higher   angles  of a t tack .  For the   supe rc r i t i ca l  wing  configurations,  
the  horizontal  t a i l s  usual ly  t r i m  with downloads  even a t  higher   angles  of a t t ack .  
Therefore ,   whi le   the   d rag   va lues   for   the   supercr i t ica l  wing configurat ions  with  hori-  
zontal   ta i ls   approach  the  values   for   the  wing-body-vert ical  t a i l  configuration,  they 
do no t  become less .  

I t  should  be  noted  that  the T-tail v e r t i c a l   t a i l   p r o d u c e s  more drag  than  the 
low- ta i l   ve r t i ca l  t a i l  ( f ig s .   12 (a ) ,   12 (d ) ,   15 (a ) ,  and  15(d) 1 , which i s  mainly  due 
t o  a 2-percent  difference i n  thickness  between  the two tails. The leading-  and 
t r a i l i ng -edge   f a i r ings  a t  the  t i p  of the  T-tail v e r t i c a l  t a i l  were n o t   s p e c i f i c a l l y  
opt imized  for  minimum drag  and some local  f low  separation may be  present.  However, 
for   the  purposes  of t h i s   i nves t iga t ion ,   t he   d i f f e rence   i n   abso lu t e   d rag   l eve l  of t he  
basel ine  configurat ions  (wing-body-vert ical   ta i l )  i s  of secondary  importance compared 
with  the t r i m  drag  increments  for  each  horizontal  t a i l .  
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Cm v s  CL .- The static l o n g i t u d i n a l   s t a b i l i t y   c h a r a c t e r i s t i c s  of the  wide-body 
and   supercr i t ica l   wing   conf igura t ions  are shown i n   f i g u r e s  13  and 16. The low-tail 
configurat ions  for   both wings are   heavi ly   inf luenced by the downwash and wake of the  
wings. The three  low-tail conf igura t ions   ( f igs .   13(a) ,   13(b) ,   13(c) ,   16(a) ,   16(b) ,  
and   16(c) )  a l l  tend t o  p i t c h  up a t  l i f t   c o e f f i c i e n t s  beyond the   c ru ise  lift coeff i -  
c ien t ,   regard less  of the  wing  involved. Notice t h a t   t h e  tails are more e f f e c t i v e   i n  
conjunct ion  with  the  supercr i t ical  wing (i.e., the  increment i n  Cm due t o  t a i l  
incidence  changes is g rea t e r ) .  

The T-tail conf igura t ions   ( f igs .   13(d) ,   13(e) ,   16(d)   and   16(e) )  are more s t a b l e  
than  the  low-tail  configurations  mainly due to  a l o n g e r   t a i l  a r m .  The s u p e r c r i t i c a l  
wing s h w s  much less tendency t o   p i t c h  up  than  the wide-body wing with ta i ls  H4 
and El5; i n   f a c t ,   t h e   s u p e r c r i t i c a l  wing conf igura t ions   p i tch  down sharply a t   t h e  
higher l i f t   c o e f f i c i e n t s .  I t  was an t i c ipa t ed   t ha t   t he  yawhead rake  data would pro- 
vide some i n s i g h t   i n t o   t h i s  anomaly;  however, no def in i te   cause-ef fec t   re la t ionship  
has   been  ident i f ied  f rom  the  avai lable   data .  Also, it i s  not  known whether  the 
T-tail conf igura t ions   for   the   supercr i t ica l  wing would t r i m  out  again a t  even  higher 
l i f t   c o e f f i c i e n t s  and  develop  classic  "deep stall" problems  (refs. 16 and  17) . 

T r i m  Drag 

From the   da t a   p re sen ted   i n   f i gu res  11 t o  16, it i s  p o s s i b l e   t o   c o n s t r u c t  trimmed 
drag  polars  for  each  combination of wing  and horizontal  t a i l  a t  a f ixed  c .g .   (s tabi l -  
i t y   l e v e l ) .  Another way of present ing  the  data  i s  t o  assume that   each  configurat ion 
can  be trimmed a t  any desired l i f t   c o e f f i c i e n t  by moving the  c.g. Moving the  c.g. 
pos i t ion   causes   the   da ta   for  C, versus  % t o   be   ro t a t ed ,   and  by choosing  the 
proper  c.g.  position, a t r i m  po in t  w i l l  r e s u l t   f o r  any t a i l   i n c i d e n c e   a n g l e   a t  any 
d e s i r e d   l i f t   c o e f f i c i e n t   w i t h i n   t h e   r a n g e  of the data taken. The r e s u l t i n g   p l o t s  
present the   var ia t ion  of trimmed drag  coeff ic ient   with c.g. p o s i t i o n   f o r  a f ixed 
lift coefficient.  Because of the  in te res t  i n   r e l a x e d   s t a t i c   s t a b i l i t y  and i t s  e f f e c t  
on t r i m  d rag ,   t he   l a t t e r  method w a s  chosen to   p re sen t   t he   da t a  from th i s   i nves t iga -  
t ion.   Data   for   the wide-body and s u p e r c r i t i c a l  wing configurat ions  are   presented i n  
f i gu res  17 and  18,  respectively. D a t a  for   the   corresponding  wing-body-vert ical   ta i l  
conf igura t ions   a re   p lo t ted   wi th   cen tered  symbols. The drag  increment  between  each 
horizontal   tai l   configuration  and  the  corresponding  wing-body-vertical   tai l  conf igu- 
r a t i o n   a t   t h e  same l i f t   c o e f f i c i e n t  i s  ca l led   the  t r i m  drag  increment,  and i t  repre- 
sents   the  total   drag  increment  due to   the   addi t ion  of the   hor izonta l   t a i l ,   inc luding  
sk in   f r i c t ion .  

Measuring  the t r i m  drag  increments  experimentally  requires a l a rge  number of 
model configuration  changes  and many hours i n   t h e  wind tunnel. I t  would be  helpful  
i f   these  increments   could  be  calculated  with a simple  theoretical   procedure.   In  the 
past  decade, numerous attempts have  been made to ca l cu la t e  t r i m  drag  increments 
ana ly t i ca l ly   ( r e f s .  18 t o   2 7 ) .  The var ious methods  used t o   c a l c u l a t e  t r i m  drag  tend 
t o  produce  differing  opinions on  whether a t a i l  upload  or download r e s u l t s   i n  lower 
t r i m  drag. None of these  s implif ied methods are   capable  of  handling  compressibil i ty 
e f f e c t s ,  which may occur a t  transonic  speeds and  can  be  on  the  order of  one-half  the 
t o t a l  t r i m  drag. The s impl i f ied  methods  do ind ica t e   i n t e re s t ing   t r ends  which may be 
usefu l  as a s t a r t i n g   p o i n t   f o r  tail design, however. In   general ,  most methods agree 
t h a t   f o r   a n   a r b i t r a r y  wing, a rearward movement of the  c.g. or a longer t a i l  ann 
r e s u l t s   i n  smaller loads  and  reduced t r i m  drag. Also, the   mutual   interference 
between  the  flow f i e l d s  of the  wing  and  the t a i l  can  be  an  important  factor  on t r i m  
drag. A wing a t  an  angle of a t t ack  which  produces  high  induced  drag  benefits  from  an 
upload  on  the ta i l .  A s  previously  mentioned,  an  upload on the   t a i l   un loads   t he  wing 
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:'. and  can r e s u l t  i n   s i g n i f i c a n t  trim drag  savings. The same wing a t  a lower  angle  of 
a t tack  or a higher aspect-ratio wing a t  the same angle of a t t ack  which produces less 
induced  drag may not  require  an  upload  on  the t a i l .  In   f ac t ,  a downloaded t a i l  i n  
the  presence  of   suff ic ient  wing downwash causes  the t a i l  l i f t  vector   to   be  rotated i n  
a f o r w a r d   d i r e c t i o n ;   t h i s   r e s u l t s   i n  a " ta i l  thrus t"  component  which reduces t r i m  
drag. The trim drag  increments  for  each wing a t  i ts design  point   are  summarized i n  
figures  19  and 20, and in   genera l   subs tan t ia te   these   t rends .  

Wide-body  wing.-  The wide-body wing (f ig .   19)   has  more induced  drag  than  the 
s u p e r F i t i c a 1  wing  due t o  i t s  smaller a spec t   r a t io ,  and  the symmetrical t a i l s  H3 
and H~ show d e f i n i t e  trim drag  advantages  for  small t a i l  uploads. However, as the  
t a i l  upload  gets  larger,  the  induced  drag on the   hor izonta l  t a i l  increases  and  the 
t r i m  drag  increments   get   larger .  The cambered t a i l s  H2 and H4 show an  increase 
i n  trim drag  with t a i l  uploads,  probably  because  the tai ls  were bui l t   wi th   the  air- 
fo i l s   "ups ide  down" (inverse  camber) i n   a n t i c i p a t i o n  OP t a i l  downloads f o r  trim. 
Obviously,  these cambered ta i ls  are n o t   e f f i c i e n t  a t  producing  uploads  and  have 
higher trim drag  increments  than  the symmetrical tai ls .  The behavior  of  horizontal 
t a i l  H1 i s  d i s s imi l a r  t o  the   o ther  tails. For some small range of t a i l  incidence, 
H1 f i r s t   exper iences   reduced  trim drag  increments due t o  t a i l  t h r u s t  on a downloaded 
tail.. As the  t a i l  load becomes more pos i t ive ,   the  t a i l  t h r u s t  component disappears 
and the trim drag  increases.  For fur ther   smal l   increases   in   t a i l   up load ,   the   induced  
drag of the  wide body is  reduced u n t i l   t h e   p o i n t  a t  which the  cambered t a i l  becomes 
i n e f f i c i e n t  a t  producing  uploads. It  is not  understood why the   l a rger  cambered 
t a i l  H2 does  not   fol low  this  same trend, however. Nevertheless ,   af ter   the   differ-  
ence i n  s k i n   f r i c t i o n  is  accounted  for,  the  smaller t a i l  H, has a minimum trim drag 
increment 0.0006 less than   tha t   for   the   l a rger  t a i l  H2. Both T-tails, H4 and 
H5 have smaller trim drag  increments  than  any of the  low-tai l   configurat ions.  The 
symmetrical   T-tail  H5 has a minimum trim drag  increment which is 0.0003 less   than 
i ts  skin-friction  increment,  which implies  that   the  upload on t h e   t a i l   h a s   s i g n i f -  
icantly  reduced  the  induced  drag on the  wide-body  wing. The c.g. posi t ions  for '  
neu t r a l   s t ab i l i t y   a r e   i nd ica t ed   fo r   each  t a i l  configuration i n  f igure  19.  A t  t h e i r  
minimum trim drag  points,   the t a i l  configurat ions have p o s i t i v e   s t a t i c  margins  of a t  
least 7 percent.  

Supe rc r i t i ca l  wing.-  The s u p e r c r i t i c a l  wing produces minimum trim drag  incre- 
ments with a t a i l  download o r   l e s s  of a t a i l  upload  than  for  the wide-body  wing. The 
more negative t a i l  incidence  angles  required  for trim ( f i g .  201, in   conjunct ion  with 
grea te r  downwash, subs t an t i a t e   t h i s   t r end .  Data for   the   low- ta i l   conf igura t ions   a re  
s imi la r ,   fo r   bo th  wings. The la rge  cambered t a i l  H2 has   the  highest  trim drag 
increments,  followed by the smaller cambered t a i l  H, and the  symmetrical t a i l  
H3. Apparently,  there w a s  too much camber i n  t a i l s  H1 and H2 t o  generate   the 
small t a i l  downloads requi red   for  trim. Again, the cambered ta i l s  may experience 
reduced trim drag  due  to  t a i l  t h r u s t  i = - 2 O  and i = -1.5O . The t a i l  

t h r u s t  is l o s t  as the c .g. moves a f t   s l i g h t l y  and  the ta i l   inc idence   angles  become 
more pos i t ive .  Then as the  c.g. moves f u r t h e r   a f t  and  the t a i l  downloads become 
smaller, the  induced  drag on the  wing is reduced, which  lowers  the trim drag. The 
la rge  cambered t a i l  H2 a l so   has   an   i nc rease   i n  trim drag a t  i = -2'; t h i s  may 

be  due to   greater   induced  drag on the t a i l  i t s e l f   f o r   t h i s   h i g h l y  downloaded case. 
To a varying  extent,   the t a i l s  show reduced t r i m  drag  incr'ements as the  c.g. is moved 
a f t .  Both T-tails have less trim drag  than  the  low-tail   configurations.  Although 
H4 and H5 have trim drag   increments   equa l   to   the i r   sk in- f r ic t ion   va lues ,   the  

( H2 ) 

H2 

L 
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symmetrical t a i l  H5 would appear t o  have  even lower t r i m  d r a g   i f   t h e  data were 
ex t r apo la t ed   t o  a more a f t  c.g.  position. 

The most  important  information t o  be  gained  from  the  increments  presented i n  
f igu res  19 and 20 i s  tha t   t he   supe rc r i t i ca l  wing  can  be  trimmed  without a l a rge  
i n c r e a s e   i n  t r i m  drag compared with  the wide-body wing. The  c.g. p o s i t i o n s   f o r  mini- 
mum t r i m  drag are f u r t h e r   a f t   f o r   t h e   s u p e r c r i t i c a l  wing configurat ions  than  for   the 
wide-body wing  configurations. A stabil i ty  augmentation  system may be  required  for  
t he   supe rc r i t i ca l  wing c o n f i g u r a t i o n s   i n   o r d e r   t o   f l y  a t  t h e   a f t  c. g. pos i t ions .  
However, the  technology  needed t o   f l y  a t r a n s p o r t   a i r c r a f t   w i t h   r e l a x e d   s t a t i c   s t a -  
b i l i t y  is  available  and  has  been  demonstrated i n   f l i g h t   ( r e f .   2 8 ) .  

Each of the   hor izonta l  tai ls  has a minimum t r i m  drag  increment  for  the  range of 
t a i l  incidences  tested.   If  one subt rac ts   the  minimum value   for   each   hor izonta l   t a i l  
f o r   t h e  wide-body wing configurat ions from the  value  for   the  corresponding  ta i l   for  
the   supercr i t ica l  wing configurat ions,   the   differences are AC = 0.0003, -0 .0001,  
0.0001, 0.0001,  and  0.0003 f o r  ta i ls  H1 through H5, respect lvely.  The maximum 
i n c r e a s e   i n  t r i m  d rag   coef f ic ien t  i s  ACD = 0.0003,  which i s  less than 1 percent  of 
t h e   t o t a l   d r a g  of t he   supe rc r i t i ca l  wing a t  c ru ise   condi t ions  (Mm = 0.82 and 

s ignif icant ly   eroded when a t a i l  is  added. 

D 

= 0.55).  This means tha t   the   per formance   ga ins   for   the   supercr i t ica l  wing a re   no t  

Cruise  Performance 

The cruise  performance ( L / D )  f o r   t h e   f i v e  tail configurations  with  each wing i s  
p r e s e n t e d   i n   f i g u r e  21. The i n c r e a s e s   i n  L/D f o r   t h e   s u p e r c r i t i c a l  wing  over  the 
wide-body  wing with  just   the   low-tai l   ver t ical   and T-tail  v e r t i c a l   t a i l s  are 
10.9 percent  and 11.8 percent,   respectively.  When the  horizontal  t a i l s  a r e  added, 
t he   i nc reases   i n  L/D fo r   t he   supe rc r i t i ca l  wing with  the optimum low-tail and T- 
t a i l  incidences are 11.2  and  11.3 percent ,   respect ively.  The l i f   t - d r a g   r a t i o s   f o r  
the   bes t   T- ta i l   conf igura t ion  ( H 5 )  a r e  lower  than  those  for  the  best   low-tail   config- 
u ra t ion  (Hg ) because of the   h igher   d rag   for   the   T- ta i l   ver t ica l  t a i l .  

Yawhead Rake Data 

A photograph of the yawhead rake  used  with  the low-tail configurat ions i s  shown 
i n   f i g u r e  22 and a drawing of the rake i s  shown i n   f i g u r e  23. The th ree   s t a t i c -  
pressure tubes located  between  the yawheads are used t o  ca l cu la t e   l oca l  Mach number. 
Photographs of t he   r ake   i n s t a l l a t ions   fo r   t he  low-tail and  T-tail   Configurations  are 
p r e s e n t e d   i n   f i g u r e s  24 and  25,  respectively. 

The rakes were centered   ver t ica l ly  on the  horizontal  t a i l  reference  planes a t  
t he   roo t  of the   hor izonta l   t a i l s   for   the   low- ta i l   and  T-tail configurations.  Rake 
data were taken a t  two spanwise  locations  for  each  configuration  (figs.  26 and 27) .  

Downwash.-  Downwash da ta   for   the  two wings are p resen ted   i n   f i gu res  28 and 29. 
In   add i t ion  to the   var ia t ion  of downwash with  angle of a t tack ,   the  rate of change  of 
downwash with  angle  of attack A&/Aa i s  a l so   p lo t t ed .  It  can  be shown (ref .   29)  
t h a t   t h e  rate of  change  of downwash with  angle of a t t ack  AE/Aa has   an   e f fec t  on the  
s t a b i l i t y  of the  configuration. The t a i l  
to  1 - (A&/Aa). A pos i t i ve   i nc rease   i n  
t o   t h e   o v e r a l l   s t a b i l i t y   l e v e l .  Data f o r  

contr ibut ion t o  s t a b i l i t y  i s  proport ional  
AdAa reduces  the  contribution of the t a i l  
the  bottom yawhead of the wide-body  low- 
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p 
? t a i l  configurat ion are not  presented  in  f igure  28(a)  because  plugged  tubes gave 

incor rec t   p ressure  measurements. 

The rake  data show t h a t   f o r   t h e   p o r t i o n s  of the   f low  f ie ld  measured, the % t a i l  
configurat ions are loca ted   i n  an area of grea te r  downwash than  the  low-tail  configu- 
r a t ions  and  have a f a i r l y   l i n e a r  change i n  downwash with yawhead posi t ion.  This 
e f f e c t  is described i n  references 30 and 31 and is  caused by the  f low  field  converg- 
i n g  tcnvard the wake of the wing. The r e s u l t  is an   i nc rease   i n   t he  downwash above the  
wake and a decrease   in  the downwash below the wake. As expected, the s u p e r c r i t i c a l  
wing has   higher   levels  of downwash a t  a given  angle  of  at tack  for  both  the  low-tail  
and T-tail configurations due t o  its higher  design l i f t   c o e f f i c i e n t  and  l if t-curve 
s lope. 

From the  nonl inear i ty   of   the   values  of A E / A a ,  it is  apparent   that   the  wing wake 
inf luences  the  low-tai l   configurat ions  s ignif icant ly  more than  the T-tail configura- 
t ions .  The dynamic p r e s s u r e   i n  the wake of the wing is  less than  f ree  stream and can 
adversely  affect   the  performance of the t a i l ,  as w a s  shown i n   t h e  trim drag  data 
previously  presented. 

Flow-field  velocity  vectors .- From the yawhead rake  data, it is  p o s s i b l e   t o  
compute  components  of the   f low  in   the   d i rec t ions  of a l l  three  axes   as  w e l l  as the 
l o c a l  Mach number. The resultant  three-dimensional  f low-field  velocity  vectors  have 
been  projected  onto a plane  perpendicular   to   the  f ree-s t ream  f low  direct ion  in   f ig-  
ures  30 t o  33 t o  show the  cross-flow components  of the  flow  with  the  corresponding 
loca l  Mach numbers. The viewpoint is one looking downstream a t  the  left-hand ta i ls .  
Flow angles  for  the  bottom yawhead of the wide-body low-tail   configuration are not 
presented   in   f igure  30 because  plugged  tubes  gave  incorrect  pressure measurements. 
Local Mach numbers are not   presented  for   the  top yawhead f o r   t h e   s u p e r c r i t i c a l  wing 
low-tai l   configurat ion  ( f ig .   32) .  For this   run,   the   center   total -pressure tube.was 
p a r t i a l l y  plugged; t h i s   g i v e s  small Mach number e r ro r s .  The flow-field  velocity 
vectors shown f o r   t h i s  yawhead were computed by using  the  erroneous Mach numbers. 
However, s ince   the   p ressure   d i f fe rences  a t  a fixed  angle  have  only a small va r i a t ion  
with Mach number in   t he   r ake   ca l ib ra t ion ,   t he   e r ro r   i n   t he  computed flow  angle is  
insignificant.  (See  appendix. ) 

The low- ta i l   da ta   ( f igs .  30 and  32) show a def in i te   c ross   f low toward the body 
due to   the  c losure  angle  of the  fuselage.  The pos i t ion  of the wing wake can  be 
tracked by watching  the  local Mach numbers decrease  as   the  angle  of a t tack  
increases .  A steady movement of the wake v e r t i c a l l y  is shown, as w e l l  as local   f low 
separat ion  for   angles  of a t tack   grea te r   than  So. The inf luence of the wing wake is  
more apparent   for  the s u p e r c r i t i c a l  wing  due to  the   th icker   a i r fo i l s   used .  

I n  c o n t r a s t   t o   t h e  low-tail data,   the F t a i l  da t a   ( f i g s .  31 and  33) show an 
outward  cross-flow  component  which is due to  the   f low  f ie ld  of the T-tail v e r t i c a l  
t a i l .  The loca l  Mach numbers inboard are a l so   h igher   for   the  same reason. It should 
be noted  that   both T-tail rake   pos i t ions   for   the  wide-body  wing were further  forward 
than   fo r   t he   supe rc r i t i ca l  wing ( f i g .  2 7 ) ;  t h i s   r e s u l t e d  i n  a grea te r   in f luence  from 
the f low  f i e ld  of the v e r t i c a l  t a i l  and  higher  local Mach numbers. Since the hori-  
zon ta l  t a i l  i s  above the  wing wake, the   loca l  Mach numbers are f a i r ly   cons t an t   w i th  
angle  of  at tack  for  the T-tail  configurations.  
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SUMMARY OF RESULTS 

The purpose of the  present   s tudy was t o  determine i f  advanced s u p e r c r i t i c a l  
wings incur  higher trim drag  values a t  cruise condi t ions  than  current  wide-body 
technology  wings.  In  order t o  measure r e l a t i v e  trim drag increments a t  c r u i s e  
conditions,   an  experimental   wind-tunnel  investigation w a s  conducted i n   t h e  Langley 
8-Foot  Transonic  Pressure  Tunnel  utilizing a h igh   aspec t - ra t io   supercr i t ica l  wing and 
a cu r ren t  wide-body  wing in   con junc t ion   w i th   f i ve   d i f f e ren t  t a i l  configurat ions 
mounted  on a representat ive wide-body fuselage.  The three  low-tail and two T-tail  
configurat ions were designed  to  measure the effects of ho r i zon ta l   t a i l   s i ze ,   l oca t ion  
(he igh t ) ,  and camber on the trim drag  increments  for the two wings. 

The r e s u l t s  of t h i s   i n v e s t i g a t i o n  may be summarized as follows: 

1 .  The t r i m  drag  values  for the s u p e r c r i t i c a l  wing configurat ions were not  
s ignif icant ly   higher   than  for  the wide-body configurat ions.  Minimum trim drag  values 
f o r   t h e   s u p e r c r i t i c a l  wing configurations  occurred a t  center  of gravi ty   (c .g . )   posi-  
t i ons   fu r the r  a f t  ( lower   s ta t ic   marg ins)   than   for   the  wide-body wing. 

2. The wide-body  wing  had lower trim drag  values  with  horizontal  t a i l  uploads. 
Conversely,   the  high-aspect-ratio  supercrit ical  wing  had  lower trim drag  values  with 
small downloads on the t a i  1. 

3 .  Both wings showed a reduct ion   in  t r i m  d rag   fo r  t he  smaller cambered low 
t a i l  H, compared with  the  large cambered t a i l  H2. 

4.  For the  range  of t a i l  incidences  tested,   the cambered ta i l s  HI and H4 had 
higher minimum trim drag  increments  than the corresponding symmetrical t a i l s  H3 
and H5. The inverse camber was inef f ic ien t   for   p roducing  the uploads  required  to  
trim the wide-body configurat ions,  and there  was probably  too much camber to   genera te  
the small  downloads r equ i r ed   t o  trim t h e   s u p e r c r i t i c a l  wing configurations.  

5. me  T- ta i l   conf igura t ions  for both  wings  had lower trim drag  increments  than 
the  low-tail   configurations  since  they were n o t   i n  the wake of the wing  where the 
dynamic pressures were less than free stream. 

6. The best  performance  for  both wings w a s  achieved  with  the  symmetrical low 
t a i l  H3 and the   bes t  T-tail  w a s  the  symmetrical t a i l  H5. The addi t ion of a hori-  
zon ta l  t a i l  lowers  the maximum l i f t - d r a g   r a t i o  (L /D)  f o r  each wing, but   the improve- 
ment i n  L/D f o r  the s u p e r c r i t i c a l  wing over  the wide-body  wing remains  approxi- 
mately 11 percent   for  the optimum  low t a i l  and “ t a i l  configurat ions.  

Langley  Research  Center 
National  Aeronautics and Space  Administration 
Hampton, VA 23665 
August 1 2 ,  1982 
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APPENDIX 

YAWHEAD RAKE DESIGN AND CALIBRATION 

Two yawhead rakes were used t o  measure  the  local  flow  angles  and Mach numbers i n  
the   v i c in i ty  of the  horizontal  tails. The rakes were at tached to  t h e   s t i n g   a f t  of 
the  model.  Each rake  had  four  five-tube yawheads l i ke   t hose  shown i n   r e f e r e n c e s  32 
and 33, which measure both  the downwash and  cross-flow  components  of  the  local  flow 
f i e l d .  

The pr inciple   behind  the yawhead rake 
away view shows three  total-pressure  tubes 
outs ide  tubes.   I f   the   local   f low  angle  i s  
axis ,  then  the  pressure  measured by tube 1 
by tube 2 p,,. The d i f f e r e n c e   i n   p r e s s u r e  

i s  i l l u s t r a t e d   i n   f i g u r e  34. This  cut- 
with a 90° angle  between  the  faces of the  
inc l ined  a t  an  angle e t o  the  yawhead 
p1 i s  greater  than  the  pressure  measured 
p, - p-, is  proport ional  t o  the  flow 

angle  e. Ti;e rake i s  ca l ib ra t ed  by inc l in inb  i t  z t  a known angle t o  the  flow  and 
measuring  the  difference  in   pressures  between the  opposi te   tubes of the yawhead. 
Then when taking  data,   the measured pressure difference a t  the yawheads can  be 
r e l a t e d  back t o  a flow  angle. 

The ca l ib ra t ion  of the yawhead rakes was performed  with  the  tunnel empty. The 
rakes were at tached to  the   s t i ng   a s   f a r   fo rward  as poss ib le  t o  reduce any inf luence 
f r o m  t h e   f r o n t  of the  s t ing.  The ca l ibra t ion   cons is ted  of running  through  an  angle- 
of-attack sweep a t  Mach numbers  from 0.55 to  0 .90 .  The top  and  bottom  tubes of each 
yawhead were ca l ibra ted   wi th   the  rake i n  i t s  normal ve r t i ca l   o r i en ta t ion .  To cali- 
b r a t e   t h e   l e f t  and r igh t   tubes  of  each yawhead, the  rake w a s  ro ta ted  90°  and a s i m i -  
l a r  angle-of-attack sweep w a s  taken  for  each Mach number. The pressure   d i f fe rences  
f o r  each set of opposing  tubes were then  nondimensionalized by dividing by the   loca l  
dynamic pressure a t  each yawhead. Each yawhead for   both  rakes   then had a three- 

dimensional   cal ibrat ion  table  of &! versus  E or Q f o r   s i x   d i f f e r e n t   f r e e -  

stream Mach numbers. Because  the  local  static-  and  total-pressure  measurements 
varied  with  the  angle of a t t ack  of the rake, the local Mach numbers  measured for   each  
yawhead were less than  the  free-stream  values.   This  effect  i s  descr ibed  in   refer-  
ence 32. Local Mach number cor rec t ion   tab les  were set up fo r   each  yawhead to  e l i m i -  
n a t e   t h i s  problem. The tables  consisted  of  an  incremental  Mach number t o  be  added t o  
each yawhead a t  each  vertical   calibration  angle.   There w a s  a d i f f e r e n t   t a b l e   f o r  
each  f ree-s t ream  cal ibrat ion Mach number. The procedure  for   correct ing local Mach 
number and  flow  angle w a s  as  follows: 

q 

1. Calculate   the local downwash angle E, using  the  erroneous local Mach number 
value when i n t e r p o l a t i n g   i n   t h e   c a l i b r a t i o n  tables 

2. Find  the local Mach number correct ion,   us ing E c a l c u l a t e d   i n  step 1 and  the 
free-stream Mach number f o r   i n t e r p o l a t i o n   i n   t h e  local Mach number correc- 
t i on   t ab l e  

3. Add the  local Mach number correct ion  found  in  step 2 t o  the  local Mach number 
measured i n  step 1 

4. Recompute the  f low  angles e and Q us ing   the   cor rec ted   loca l  Mach number 
when i n t e r p o l a t i n g   i n   t h e   c a l i b r a t i o n   t a b l e s  
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A s  a check, the new procedure w a s  used t o  compute flow angles   and   loca l  Mach numbers 
fo r   t he   ca l ib ra t ion   runs .  The computed flow  angles  and  local Mach numbers compared 
q u i t e   c l o s e l y   t o  the known ca l ibra t ion   va lues .  

The yawhead rakes had a f a i r l y   l i n e a r   v a r i a t i o n  of p re s su re   d i f f e rence  Ap/q 
w i t h  flow angle,  and there w a s  little change i n  the c a l i b r a t i o n s   w i t h  Mach number 
( f i g .  3 5 ) .  Therefore, small e r r o r s   i n   t h e  measurement of local Mach number do no t  
have a major e f f e c t  on flow  angle  calculations.  

The r e s u l t a n t   v e l o c i t y   v e c t o r s   p l o t t e d   i n  figures 30 t o  33 are the p ro jec t ion  
of +he three-dimensional flow-field v e l o c i t y   v e c t o r s   a t   e a c h  yawhead pro jec ted   on to  
a plane  perpendicular  to  the  free-stream flow d i r ec t ion .  From f i g u r e  36, it can be 
shown tha t   t he   r e su l t an t   ve loc i ty   vec to r   can   be   ca l cu la t ed  i f  the  downwash angle 
E, the cross-flaw  angle u, and the magnitude  of the three-dimensional flow vec tor  

V are known. Assuming t h i s  is  t rue ,  R' and the  angle  w i t h  respect t o  the y-axis 
0 can  be  calculated as  follows: 

v = t a n  a (Urn + u) 

R' = \JV2 + w 2 

Subs t i tu t ing   equat ions  ( A I )  and ( A 2 )  in to   equat ion  (A3) g ives  

Also,  notice t ha t  

t a n  0 = 
R' 

u, + u 

Subst i tut ing  equat ion (A41 into  equat ion ( A 5 1  gives  

t a n  0 = J tan  u + t a n  E 
2 2 

(A6 

and 

0 = tan" (tan a + t a n  E 
2 2 
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I t  can also be shown t h a t  

Since V, a, and E are known, R' can  be computed. From f igu re  36,  n o t i c e   t h a t  

Subs t i tu t ing   equat ions  ( A l )  and ( A 2 )  into  equat ion ( A 9 1  gives 

t a n $ = -  t an  E 

t an  a 

and f i n a l l y  

$ = t an  -1  t an  E 

t a n  a 

A s  previously  mentioned, E and 0 can be determined from the  pressure  differ-  
ences  across  the  opposite  tubes of the yawhead ( f ig .  34) . The magnitude  of v must 
be determined from the   loca l  s ta t ic  pressure p and the   loca l  pressure pt. Assum- 
ing   t ha t  a t  the  rake  the  flow is isentropic   (no shock  waves),  adiabatic  (no  heat 
t r a n s f e r ) ,  and behaves l i k e  a perfect  gas,   equations (29b) ,  ( 4 4 )  , and ( 4 6 )  from 
reference 34 can be used to  c a l c u l a t e  V as follows: 

where  equation (A121 i s  equation ( 4 4 )  from reference 34. Solv ing   th i s   equa t ion   for  
the   loca l  Mach number M gives 

Other  useful  equations are 

a 1 
" - 

a t = JYRTt 
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where  equations ( A 1 4 )  and ( A 1 5 )  are equations (46) and (29b) f r o m  reference 34 and 
R is the  gas  constant,  and Mach number i s  defined as 

Rewriting  equation (A1 4)  gives 

a =  

Subs ti tu t ing  

V 
M 
” - 

a t 

equations (A1 5) and (A1 6 )  into  equat ion (A1 7) gives 

4YRT t 

\J1 + + M  1 2  

(A1 7 1 

Finally,  solving  the  magnitude of the local three-dimensional flaw vector  V gives 

M $ K  
v =  

(1 + y-l M2 
2 

1 8  
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TABLE 1.- TAIL PARAMETERS 

Low t a i l  

0.10 t/c, cambered 0.05 

.90 .69 10 3.54 .35  32.5 16.74  42.52 -55 -05 .10 t/cI symmetrical 
1.12 .86 10 3.82 -31 32.5 19.60 49.78  -70 -07 .10 t/c, cambered 
0.90 0.69 10 3.54  0.35 32.5  16.74  42.52 0.55 H1 

H3 
V1 -67 .51 1.65 .35 35 .o 10.0 25.40 .42 .04 .10 t/cI symmetrical 

H4 0.10 t/c, cambered 

, -68 .52 m72 e70 45 .o 7.0 17.78 e47 a04 .12 t/c, symmetrical 
1.09 -84 -3 3.59  .35 32.5 16.98  43.13 e56 a05 .10 t/c , symmetrical 
1.09 0.84 -3 3.59  0.35 32.5 16.98 43.13 0.56  0.05 

I 

H5 
v2 



TABLE 2.- COORDINATES  FOR 1 0-PERCEN'FTHICK  SYMMETRICAL  AIRFOIL 

x/c 
( a  1 

0 .ooo 
.002 
.005 
.010 
.020 
.O 30 
.040 
.050 
.060 
.070 
.080 
.090 
.loo 
.110 
.120 
.1 30 
.140 
.1 50 
.160 
-1 70 
. la0 
-1 90 
.200 
-21  0 
.220 
.230 
.240 
,250 
.260 
.270 
.200 
.290 
.300 
.310 
.320 
,330 
.340 
.350 
.360 
.370 
.380 
.390 
.400 
.4 10 
.420 
.4 30 
.440 
.450 
.460 
.470 
.400 
.490 
.500 

(Z/C) ,  

0 .ooooo 
.00760 
.01160 
.01550 
.02070 
.02430 
.02700 
.02920 
.03110 
.03280 
.03430 
.03570 
.03690 
.03000 
.03900 
.04000 
.04090 
.04170 
.04250 
.04320 
.04390 
.04450 
.04510 
.04560 
.04610 
.04660 
.04700 
.04740 
-04780 
.04010 
.04840 
.04070 
.04900 
.04920 
.04940 
.04960 
-04970 
-04980 
.04990 
.05000 
.05000 
.05000 
.05000 
.05000 
.04990 
-04900 
,04970 
-04960 
.04940 
.04920 
.04900 
.04870 
.04040 

( z / c )  

0 .ooooo 
-00760 
.01160 
.O 1 550 
.02070 
.02430 
-02700 

"02920 
-.03110 
- .03200 
- .03430 
-.03570 
- -03690 
- .O 3800 
- .03900 
- .04000 
- ,04090 
- -041  70 
- .04250 
- -04320 
- -04390 
- -04450 
- -0451 0 
-.04560 
- .04610 
- .04660 
- -04700 
- A4740 
- -04780 
-.04010 
- -04040 
- -04870 
- .04900 
- -04920 
- .04940 
- -04960 
- .04970 
- ,04980 
- .04990 
- .05000 
- .05000 
- .05000 
- .05000 
-.05000 
- .04990 
- -04980 
- .04970 
- A4960 
- .04940 
-.04920 
- -04900 
-.04870 
- .04a40 

x/c 
( a )  

0.51 0 
.5 20 
.530 
.540 
.550 
.560 
.570 
.sa0 
.590 
.600 
.610 
.620 
.630 
.640 
.650 
.660 
.670 
.600 
-690 
.700 
.710 
.7  20 
.730 
.740 
-750 
.760 
.770 
.700 
.790 
.a00 
.a1 0 
.a20 
-030 
.840 
.850 
.860 
.870 

.a90 

.goo 

.910 

.920 

.930 

.940 

.950 

.960 

.970 

.900 

.990 
1 .ooo 

.8ao 

(Z/C) ,  

0.0481 0 
.04780 
-04740 
.04700 
.04650 
.04600 
.04550 
.04490 
.04430 
.04360 
.04280 
.04200 
.04110 
.04020 
,03920 
.O 3820 
.03715 
.03610 
.03505 
.03400 
.03295 
.O 31 90 
.03085 
.02900 
.02875 
.02770 
.02665 
.02560 
.02455 
-02350 
.02245 
.02140 
.02035 
.O 1930 
.01825 
.O 1  7 20 
.01615 
.01510 
.01405 
.O 1 300 
.01195 
.01090 
.00985 
.ooaao 
.00775 
-00670 
.00565 
.00460 
.00355 
.00250 

( z / c ) R  

-0.0481 o 
- -04580 
- .04740 
-.04700 
- .04650 
- .04600 
- .04550 
- -04490 
- .04430 
- .04360 
- .04200 
-.04200 
- -041 10 
-.04020 
- .03920 
-.03820 
- -0371 5 
- -0361 0 
- .03505 
- -0 3400 
- .03295 
- -031  90 
- .03005 
- .029ao 
- .02875 
- .02770 
- -02665 
-.02560 
- .02355 
-.02350 
- .02245 
-.02140 
- .02035 
- .O 1930 
- -01 025 
-.01720 
- .01615 
-.01510 
- .01405 
- -01 300 
- .01195 
- .01090 
- .00905 
- .00800 
- .00775 
- .00670 
- .00565 
-.00460 
- .00355 
- .00250 

a C o o r d i n a t e s  are s a m e  for upper and lower surfaces. 
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TABLE 3.- COORDINATES FOR 10-PERCENFTHICK CAMBERED AIRFOIL 

x/c 

0 .ooo 
.002 
.005 
.010 
.020 
.O 30 
.040 
.O 50 
.060 
.070 
.080 
.090 
.loo 
.1 10 
.120 
.1 30 
.140 
.150 
.160 
.1 70 
.180 
.190 
.200 
.210 
.220 
.230 
.240 
.250 
.260 
.270 
.280 
.290 
.300 
.310 
.320 
.330 
.340 
.350 
.360 
.370 
.380 
.390 
.400 
.410 
.420 
.430 
.440 
.450 
.460 
.470 
.480 
,490 
.500 

(z/cIu 

0 .oooo 
.0076 
.0116 
.o 1 55 
.0207 
.0242 
.0269 
.0291 
.0310 
.0327 
.0342 
.0355 
.0368 
.0379 
.0389 
.O 399 
.0408 
.0416 
.0424 
.0431 
.0438 
.0444 
.0450 
.0456 
.0461 
.0466 
.0470 
.0474 
.0478 
.0481 
.0484 
.0487 
.0489 
.0491 
.0493 
.0495 
.0496 
.0497 
,0498 
.0499 
.0500 
.O 500 
.0500 
.0500 
.0500 
.0500 
.0499 
.0498 
.0497 
.0496 
.0494 
,0492 
.0490 

( z / c )  

0 .oooo 
-.0076 
-.0116 
-.0155 
- .0207 
-.0242 
- .0269 
-.0291 - .0310 
-.0327 
- ,0342 - .O 356 - .0369 
-.0381 - .0392 
- .0402 
- .0411 
- .0420 
- .0428 - .0435 - ,0442 
- .0449 
- ,0455 
-.0460 - .0465 - .0470 
- .0474 - .0478 - .0481 - -0484 
- .0487 
- .0489 
- .0491 
-.0493 
- .0494 
-.0495 
- .0496 - .0497 - .0497 - .0497 - .0497 - .0496 - .0495 - .0494 
- .0492 
-.0490 
- .0488 
- .0485 - .0482 
- -0478 
- ,0474 
- -0470 
- ,0465 

x/c 
(a) 
0.510 
.5 20 
.530 
.540 
-550 
.560 
.570 
.580 
.590 
.600 
.610 
.620 
.630 
.640 
.650 
.660 
.670 
,680 
.690 
.700 
.710 
.720 
.730 
.740 
.750 
.760 
.770 
.780 
.790 
.800 
.810 
.820 
.830 
.840 
.850 
.860 
.870 
.880 
.890 
.goo 
.910 
.9 20 
.930 
.940 
.950. 
.960 
.970 
.980 
.990 

1 .ooo 

(z/c), 

0.0488 
.0485 
.0482 
.0479 
.0476 
.0472 
.0468 
.0464 
-0459 
.0454 
.0449 
.0443 
.0437 
.0431 
.0425 
.0418 
.0411 
.0404 
.0396 
.O 388 
.0380 
.0372 
.0363 
.0354 
.0345 
.0336 
.0326 
.0316 
.0306 
.0296 
.0285 
.0274 
.0263 
.0252 
.0241 
.0229 
.0217 
.0205 
.O 1 93 
.O 180 
.0167 
.O 154 
.0141 
.0127 
.0113 
.0098 
.0083 
.0067 
.0050 
.0032 

( Z / d R  

-0.0460 
- e0454 
- -0447 
"0440 
- -0432 
"0423 
- -041 3 
"0403 
- -0392 
- -0381 
- .0369 
"0357 
- .0344 
"0331 
- -031 7 
"0303 
- -0289 
- .0275 
- .0261 
- -0247 
- ,0233 
- .0219 
- .0205 
-.0191 
- .0177 
"0163 
- .0149 
"0135 
- .0121 
- -01  07 
- -0093 
- .0079 
- -0065 
- .0051 
- ,0038 
-.0025 
- .0013 
-.0002 
.0008 
.0017 
.0025 
.0031 
.0035 
.0036 
.0034 
.0029 
.0022 
.0012 

- .0001 
- -001 7 

aCoordinates  are same for upper  and lower surfaces. 
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TABLE 4.-  COORDINATES  FOR  12-PERCENT-THICK  SYMMETRICAL  AIRFOIL 

~~ 

0 .ooo 
.002 
.005 
.010 
.020 
.O 30 
.040 
,050 
.060 
.070 
.om 
.090 
.loo 
.1 10 
.120 
.1 30 
.140 
.1 50 
.160 
.170 
. la0 
.190 
,200 
.210 
.220 
.2 30 
.240 
.2 50 
.260 
.270 
.200 
.290 
.300 
.3 10 
,320 
.3 30 
-340 
.3 50 
.360 
.370 
.300 
.390 
.400 
.410 
.420 
.430 
.440 
.450 
.460 
.470 
.400 
.490 
s o 0  

~~ ~ 

( Z / C ) ,  

0 .ooooo 
.00912 
.01392 
.O 1060 
.02404 
.02916 
.03240 
.03504 
.03732 
.03939 
-041 19 
.04202 
.04428 
.04560 
,04680 
.04000 
.04900 
.O 5004 
.os1 00 
.O 5 1 04 
.05260 
.O 5 340 
.05412 
.05472 
.OS532 
.OS592 
.05640 
.05600 
.05736 
.05772 
.05000 
-05844 
.05000 
.05904 
.05920 
.05952 
-05964 
-05976 
-05980 
.06000 
.06000 
.06000 
.06000 
.06000 
.05900 
.OS976 
.05964 
.OS952 
.OS920 
.OS904 
.05080 
.05044 
.05808 

(z/c) 

0 .ooooo 
- .00912 
- .01392 
- -01  060 
- .02404 
-.I32916 
- .03240 - .O 3504 
- .03732 
- .O 3939 
-.04119 
- .04202 
- -04428 
- .04560 
- .04680 
-.04000 
- .04900 
-.05004 
- .05100 
-.05104 
- .05260 
-.05340 
- ,0541 2 
"05472 
- .05532 
- .05592 
- .05640 
- .05600 
- .05736 
-.05772 
- .05000 
- .05044 
- -05080 
- .05904 
- .05920 
-.05952 
- -05964 
-.Os976 
- .os900 
- .06000 
- .06000 
- .06000 
- .Ob000 
- .06000 
- .05908 
- -05976 - .05964 
- .05952 
- .OS920 
- a 5 9 0 4  
- .05000 - .05844 
- .05000 

x /c 
(a 1 

0.51 0 
.5 20 
.530 
.540 
.550 
.560 
.570 
.500 
.590 
.600 
.610 
.620 
.630 
,640 
.650 
.660 
.670 
.600 
.690 
.700 
.710 
.7  20 
.730 
.740 
.750 
.7 60 
.770 
.700 
.790 
.a00 
.a1 0 
.a20 
.a30 
.a40 
.a50 
.0 60 
-070 
-080 
.890 
.goo 
.910 
.9 20 
.930 
.940 
.950 
.960 
.970 
.900 
.990 

1 .ooo 

(z /c) ,  

0.05772 
.OS736 
.OS600 
.05640 
.05500 
.05520 
.OS460 
.O 5 300 
.OS31 6 
.OS232 
.05136 
.05040 
.04932 
.04024 
.04704 
.04504 
.04450 
,04332 
.04206 
.04000 
.03954 
.03020 
.03702 
.03576 
.03450 
.03324 
.03190 
.03072 
,02946 
.o 2020 
.02694 
.02560 
.02442 
.02316 
.02190 
-02064 
-01 930 
-01 01 2 
.01606 
,01560 
.01434 
.O 1  300 
.01102 
.01056 
.00930 
.00004 
.00670 
.00552 
.00426 
.QQ3QQ 

(z/c) 

-0 -05772 
- -05736 
- -05608 
- -05640 
- .05500 
-.os520 
- .OS460 
-.05300 
- -0531  6 
"05232 
- -051  36 
- .05040 
- .04932 
"04824 
- .04704 
"04584 
- .04450 
-.04332 
- .04206 
-.04000 
- A3954 
-.03020 
- .03702 
-.03576 
- .03450 
- A3324 
- .03190 
- .O 3072 
- .02946 
- .02020 
- .02694 
- .02560 
- .02442 
-.02316 
- .02190 
- -0 2064 
- -01 930 
-.01012 
- -01 606 
-.01560 
- .01434 
-.01300 - .01102 
- .O 1 056 - .00930 
- .00004 
- -00678 
-.00552 
- .00426 
- .Q0300 

aCoordinates are same for upper  and lower su r faces  
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Figure 1 . -  Wing planforms on fuselage. 
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F. S. 14.71 (5.79) F. S. (. 35 el 86.44 (34.03) 

Figure 2 .- Low-tail  configurations. 
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Figure 3. -  T- t a i l   c o n f i g u r a t i o n s .  
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Figure 4.- Typical  low-tail  configuration. 
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Figure 5.- Typical  T-tail  configuration. 
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Figure 13.- Variat ion of pitching-moment c o e f f i c i e n t   w i t h   l i f t   c o e f f i c i e n t  
body wing c o n f i g u r a t i o n   a t  Ma = 0.82 with c.g. = 0 . 3 5 ~ .  
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Figure 24.- Typical yawhead rake  installation  for  law-tail  configurations. 
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